Although classified among the greatest threats to the world's biodiversity, the effects of land use and their scale dependency are left unexplored in many taxonomic groups. Reptiles are among the most data-deficient vertebrates in this respect, although their ecological traits make them highly sensitive to habitat modifications. We tested whether land use gradients shape the distributions of Mediterranean reptiles at regional and local scales, and whether species' ecological traits and phylogeny explain these patterns. Reptiles are generally rare and hard to survey through standardized protocols. We overcame these obstacles by modeling an original data set of 18164 opportunistic occurrence records for 14 reptile species with spatially-explicit point process models incorporating known sources of sampling heterogeneity and spatially autocorrelated error. At a regional scale, reptiles favored open habitats and tended to avoid urban areas. At a local scale, the persistence of open habitats did better than forest resulting from land abandonment in maintaining reptiles within a heavily anthropogenic matrix. Contrary to our expectations, the absence of any clear trait or phylogenetic signals suggests that these responses are mediated by a complex interplay between species' ecology and regional biogeographic history. These results demonstrate that reptile responses to land use are scale-dependent and locally exacerbated when anthropogenic pressure is high. We further show that land abandonment is insufficient to preserve reptiles in the face of anthropogenic pressures unless patches of suitable habitat are effectively maintained. Eventually, our study further illustrates the effectiveness of volunteer-based opportunistic sampling in testing hypotheses on the determinants of rare species' distributions.
Introduction
Habitat conversions have modified the taxonomic, functional and phylogenetic compositions of species assemblages (Flynn et al. 2009 , Kehoe et al. 2015 , Newbold et al. 2015 , resulting in scale-and taxa-dependent response patterns to gradients of anthropogenic land use (Dornelas et al. 2014 , McGill et al. 2015 .
Opportunistic records reveal Mediterranean reptiles' scale-dependent responses to anthropogenic land use
Unfortunately, responses to land use of numerous ecosystem service providers, flagship taxa and threatened species are under-reported due to data deficiency (Good et al. 2006 , Morais et al. 2013 , Howard and Bickford 2014 . In the present study, we aimed to perform a cross-scale, spatially explicit assessment of the responses to human land use of terrestrial Squamata reptiles, one of the most understudied animal orders.
Land use takes a wide range of forms, from a near-complete removal of spontaneous vegetation in urban centres and croplands to less stringent modifications associated with forest exploitation or extensive farming (Foley et al. 2005 , Fischer and Lindenmayer 2007 , Haberl et al. 2007 ). Land use modifies habitat quantity and configuration, resource availability within habitats and the spatial distribution of ecological processes associated with ecosystem services such as pollination, seed dispersal and predation (Fischer and Lindenmayer 2007, Fahrig et al. 2011) . Depending on the magnitude of land conversions, land use can be associated with changes in species co-occurrence networks (Kay et al. 2018 ), decreased species diversity or abundances and altered demographic rates (Foley et al. 2005 , Flynn et al. 2009 , Kehoe et al. 2015 , Newbold et al. 2015 . The inverse pattern, post-use land abandonment, results in a gradual recovery of spontaneous vegetation successions (Prévosto et al. 2011) . Land abandonment can have a regionally significant imprint on the distribution of habitats and resources (Ellis et al. 2013 ), but whether it leads to species and diversity recovery or to further losses depends on the initial level of disturbance, studied taxa, community composition and biogeographic history (Falcucci et al. 2007 , Sirami et al. 2010 . For instance, extensive land abandonment in the north-western Mediterranean region since the 1940s has resulted in diversity increases in some places but diversity losses in others, associated with vegetation successions leading to homogeneous broadleaved forests (Laiolo et al. 2004, Moreira and Russo 2007) .
The influence of land use on species distributions is progressively overlaid by climate, topographic barriers and biogeographic legacies while shifting from local to regional scales (Huston 1999, Pearson and Dawson 2003) . In spite of this well-established pattern, urbanization, agriculture and other land use forms can decrease assemblage diversity and reduce species distribution ranges over regional extents, typically in birds (Bennett et al. 2004 , Meynard et al. 2011 . Meanwhile, how land use modifies local species diversity and distributions depends on location, climate, taxa and the types of land use considered: for instance, local changes in species distributions are stronger where land use has removed productive habitats, and for narrow-ranged species (Newbold et al. 2016) . As a result, the regional and local outcomes of land use on biodiversity are often uncorrelated and hard to predict, leading to discrepancies in the conclusions of studies performed over different spatial extents or grains (Vellend et al. 2013 , Dornelas et al. 2014 , which highlights the need for cross-scale comparative studies (McGill et al. 2015) .
Reptiles remain one of the most data-deficient groups among vertebrates (Böhm et al. 2013 ), a consequence of their low detectability and overall rarity (Donnelly et al. 2005 , Böhm et al. 2013 . Most studies on land use effects on reptiles have consequently been limited to local extents (Trimble and van Aarde 2014) , coarse resolution data (Ribeiro et al. 2009 ) or non-spatial designs (Keinath et al. 2017 , Todd et al. 2017 ). These limitations have prevented a cross-scale assessment of the impacts of land use on reptile distributions, with the notable exception of a region-level study which reported associations between rare Squamata species and near-extirpated habitats in the Carolinas (Todd et al. 2016) . In general, and although some reptiles can accommodate relatively high levels of disturbance, many species living in temperate biomes are tied to little-disturbed habitats that retain sufficient levels of prey abundance and microhabitats (Moreira and Russo 2007) .
Reptiles have recently undergone declines at regional (Driscoll 2004 ) and global scales (Gibbons et al. 2000 , Keinath et al. 2017 , partly explained by ecological trait suites associated with vulnerability to anthropogenic disturbance of resources and habitats (Cardillo et al. 2005, Trimble and van Aarde 2014) . As ectothermic predators, most reptile species combine small home ranges, high habitat and dietary specialization, low dispersal and sensitivity to microclimates (Huey 1982) . These traits are often associated with high vulnerability to habitat conversion (Tscharntke et al. 2002 , Le Viol et al. 2012 , Keinath et al. 2017 , while broad habitat range, exogenous origin and generalist diet favor tolerance to anthropogenic disturbance (Rayner et al. 2015) . In line with these general patterns, a meta-analysis pointed reptiles' habitat specialization to explain their high sensitivity to landscape fragmentation (Keinath et al. 2017 ). This result was further supported by a regional study in eastern North America, which showed that high human imprint on land use threaten snakes with carnivorous diets, low reproductive rates, fossorial and aquatic habitats (Todd et al. 2017) . However, none of these studies distinguished the effects of multiple types of land use, nor did they account for the spatial organization of land use types within a region or a landscape. Hence, although there are empirical reasons to hypothesize that a suite of ecological traits predicts reptiles' distributional responses to land use, whether these responses are consistent across spatial scales and land use types remains to be tested.
Citizen-based databases of opportunistic herpetological records, which have become widespread in recent years (Wheeler 2004 , Silvertown 2009 , Callaghan and Gawlik 2015 , offer an opportunity to fill this knowledge gap. However, they remain underexploited in spite of the surge of powerful species distribution modelling methods such as point process models (PPMs; Baddeley et al. 2015 , Renner et al. 2015 . Unlike many other methods for building species distribution models with opportunistic records, PPMs have several advantageous characteristics that facilitate their implementation and interpretation in the face of statistical challenges raised by such data. In particular, they provide a flexible framework for accounting for sources of sampling heterogeneity, clarify key details necessary for model fitting and mapping predictions (including the choice of pseudo-absence locations), and support a large suite of tools for diagnosing spatial dependence among records and model residuals (Renner et al. 2015) .
In this study, we showcased the utility of opportunistic records to perform one of the first spatially explicit, cross-scale assessment of reptile responses to land use and land abandonment using PPMs. To this aim, we made use of an extensive volunteer-based database of 18 164 individual records which spans all the reptile assemblage of southern France (Geniez and Cheylan 2012) . This region is structured by a gradient from urban and agricultural plains in coastal lowlands to inland broadleaved forests resulting from the abandonment of former pastures and cultures during the first half of the 20th century (Sirami et al. 2010 , Vimal et al. 2017 . We specifically asked the following questions: 1) how are reptile species' distributions organized along gradients from abandoned land to densely urbanized and cultivated landscapes? 2) How do these responses change from regional to local scales? 3) Can ecological traits explain these responses?
We hypothesized that reptile occurrence would decrease from the least to the most human-used landscapes, with stronger responses at the regional than at the local scale and a positive effect of land abandonment and open habitats. We expected that interspecific variations in these responses would be explained by body size, dietary and behavioral traits.
Material and methods

Study area
Our study encompassed the French Mediterranean lowlands from the eastern Pyrenees to the Rhône river and north to the Cévennes mountains. This region (hereafter 'regional scale' and 'regional window', Fig. 1 ) is characterized by mild winters and warm and dry summers typical of the Mediterranean climate (Table 1) . We excluded large open water bodies from the analyses as none of the species considered in our analyses is strictly aquatic. At the regional scale, coastal plains are dominated by marshes, agriculture, groves and several large urban centers. Human presence decreases inland, where dense forests and scrublands result from land abandonment since the 1940s. In these more hilly landscapes, open habitats are artificially maintained for small livestock pastures and recreational activities around farms and villages (Sluiter and de Jong 2007 , Sirami et al. 2010 . No historical forests persist apart from residual patches at the extreme south and east of the region, too small to be sampled by our data set.
We delineated a 36 × 94 km window around Montpellier city (Fig. 1 , hereafter 'local scale' and 'local window'), the largest urban center of the region (600 000 inhabitants). The local window consists of a gradient from a city center to agricultural mosaics with interspersed woods and farms. Variation in altitude is low (Table 1 ) and climate is typical of the region. In spite of a high level of anthropogenization, most of the habitats found elsewhere in the region are represented in this local window.
Data
Reptile records
We retrieved reptile occurrence from a citizen science database maintained since the 1970s in southern France, with the aim to increase knowledge of species' distributions, habitat use and conservation status (The Malpolon Database, Geniez and Cheylan 2012) . Approximately 71% of these data consist of opportunistic records gathered by volunteer naturalists without any standardized protocol. The remaining 25% of the records were generated by surveys as part of environmental impact studies, and 4% of the data were obtained from literature records.
We extracted reptile data acquired between 2009 and 2015. This time window corresponds to the years with the highest number of reptile records and maximum spatial coverage; expanding the timeframe would have led to unmanageable variations in sampling effort. Preliminary analyses showed that this timeframe was short enough to neglect temporal variations in species' regional and local distributions, climate and land use (Supplementary material Appendix 1). Thus, our data represent a reasonable snapshot of reptiles' spatial relationships with the studied land use variables. We initially retrieved a total of 20 929 occurrence records spanning 23 reptile species over the region, of which 4262 records for 19 species were located in the local window. The geographic location and species identification of each record was validated by local experts prior to inclusion based on observer's expertise, coherence of localization, time period and habitat, and descriptions or photographs if available. We removed records of all exogenous species except Tarentola mauritanica, which was established in the region well before the mid-19th century (list of excluded species in Supplementary material Appendix 2). We further eliminated three exclusively aquatic species, Trachemys scripta, Emys orbicularis and Mauremys leprosa, which are too rare and too tied to water to expect any interpretable relationship with the studied land use gradients. We retained only species with at least 200 records at the regional scale and 80 records at the local scale to ensure unbiased sampling and sufficient power in statistical analyses. Preliminary exploration revealed that species falling beyond these thresholds had too aggregated or too sparse record distributions with respect to their known pattern of occurrence at regional scale (Supplementary material Appendix 3). These filters resulted in a final data set comprising 18 164 occurrences for 14 species at the regional scale and 3168 occurrences for 10 species at the local scale (four species absent in the latter, Supplementary material Appendix 2).
Ecological traits and phylogeny
We described the phenotypic and behavioral differences among the 14 studied species with nine ecological traits related to resource exploitation, productivity and mobility: body size (distance between the tip of the muzzle to the cloaca in mm), percentages of use of eight prey categories (mammals, birds, reptiles, amphibians, fish, arthropods, mollusks and worms, plants), daily activity (percentage of diurnal and nocturnal activity), yearly activity (average number of days of activity per year), mobility (crawler, walker or climber), main habitat (aquatic, terrestrial, burrowing, arboreal and rupicolous), clutch size (number of eggs per year), age at sexual maturity and reproduction mode (oviparity or viviparity). We compiled these traits from published literature (Andreu et al. 1998 , Vacher and Geniez 2010 , Geniez and Cheylan 2012 and expert advice, complemented by body size measurements on collection samples (Supplementary material Appendix 4). Niche conservatism forces phylogenetically related species to share similar traits, responses to environmental variations and levels of threat facing human disturbance (McKinney 1997).
To account for such potential dependence, we used a dated phylogenetic tree built by a local expert based on topologies and divergence times extracted from the literature (details and references in Supplementary material Appendix 5).
Environmental data
Regional scale
We quantified regional land use with Corine Land Cover 2012 (CLC, Bossard et al. 2000) . CLC is a Europeanlevel standardized description of land-use polygons down to a minimum of 25 ha. It represents the best description of land use currently available for regional studies, with an accuracy of 70 to 95% depending on land use classes (Buttner and Maucha 2006, Caetano et al. 2006 ; the least accurate classes do not appear in our study area). We did not need the level of detail provided by the 48 classes of the original CLC nomenclature to create gradients of land use and land abandonment relevant to reptiles in our region. Furthermore, many CLC classes were absent, lowly represented and/or highly correlated in our study extent. We therefore aggregated polygons into four main land use types: urban, agricultural, open natural or semi-natural habitats and forest (from the most to the least used by humans in the region; correspondence with the original CLC nomenclature in Supplementary material Appendix 6). We quantified the percentage of these four land-use categories in 1 × 1 km square cells defined independently from the distribution of reptile records (n = 18970 cells, Table 1 ). Using the same grid, we calculated the distance from cell centroids to the nearest water point (French National Geographic Inst. IGN: BD TOPO Ò , 100 m native resolution, < www. professionnels.ign.fr/bdtopo >). We needed to ensure that the effects of these land cover variables were controlled for variations in altitude and climate, two typical predictors of species' distributions (Pearson and Dawson 2003) . Preliminary investigations of climatic data revealed that in the study area, altitude is highly correlated with temperature variations (Pearson's correlation coefficient r = -0.97) and precipitations (r = 0.48). Hence, we summarized topoclimatic variations by average altitude 1 km -² square cells from a digital elevation model at a 25 m native resolution (data from the IGN BD ALTI Ò , < http://professionnels.ign. fr/bdalti >).
Local scale
The local window encompasses a dense urban center, shallow urbanization, small woods, wastelands and numerous farms with small parcels of groves and agriculture. Visual checks and field controls revealed that CLC does not capture these fine-grained gradients adequately; we therefore replaced it by a land use vector layer created by Montpellier city office and validated with field checks (Table 1 and Supplementary material Appendix 6, < http://data.montpellier3m.fr/ >, minimum polygons of 2 ha and 88% of accuracy, Lhernould 2016). We quantified the percentage of use of the same four land use categories as for the regional scale, from the 60 original land use classes of this second layer (Supplementary material Appendix 6), which we overlayed with 250 × 250 m square cells constructed independently from the distribution of reptile records (21 208 grid cells in total). We retrieved distances to the nearest water point and altitude from the same layer as for the regional scale (correlation with temperature: r = -0.97, with precipitations: r = 0.83).
Sampling effort
The spatial distribution of opportunistic records is notoriously conditioned by spatial variations in sampling effort (Isaac et al. 2014) . We distinguished three sources of sampling heterogeneity in our data (Table 1) . First, amateur records are typically isolated in space, while consulting offices dedicated to environmental impact studies generate tens to hundreds of records at non-random locations typically located along motorways, railways or other large infrastructures. We identified records issued by consulting offices and counted the number of surrounding records, all species combined, within a circular buffer of 250 m radius centered on each record (defined as the area surveyed by an herpetologist under usual conditions, from expert advice). This variable identified areas where sampling pressure is increased by consulting offices ('consultant effect'). Second, amateurs tend to over-report records at a few locations (Sastre and Lobo 2009) . To control this source of record aggregation, we counted the number of unique sampling dates in a 250 m radius buffer around each individual record, thus separating records acquired during repeated visits to a given location from casual records in under-visited areas ('location effect'). Third, records tend to be aggregated in the most accessible areas. To reflect this sampling bias, we summed the total length of major roads and railways per 1 × 1 km (regional scale) or 250 × 250 m (local scale) square cells ('accessibility effect', data from the French National Geographic Inst., < http://professionnels.ign.fr/ route500 >).
Cross-correlations among land use and sampling variables
Pairwise correlations among all variables included in our analyses ranged from r = -0.60 (percent of forest against percent of agricultural land and altitude against percent of forest at regional scale) to r = 0.58; between altitude and percent of agricultural land at regional scale (correlation matrices in Supplementary material Appendix 7). We considered that these levels of collinearity did not hinder our analyses, especially as we were interested in the effect of each land use gradient conditional to the others within a multiple regression design, rather than on quantifying their direct effect on reptiles in isolation from each other (Morrissey and Ruxton 2018) .
Statistical analyses
Reptile distributions
We used spatial point process models (PPMs, Baddeley et al. 2015) to model reptile distributions as a function of land use, altitude and sampling variables. PPMs relate geolocated point records, such as opportunistic species sightings, and explanatory variables measured at recorded locations and at a set of dummy points chosen along a rectangular grid across the study region with a 50 × 50 m resolution (hereby referred to as 'quadrature points'; resolution chosen to be lower than that of environmental variables in order to ensure likelihood convergence in PPMs). In the simplest PPM of practical use, the number of occurrences over a study area (N) and their spatial locations (s) are modeled jointly as an inhomogeneous Poisson process with intensity μ(s), the expected number of presence records per unit area at a given spatial location. Inhomogeneous Poisson PPMs are, therefore, a generalization of the widely-used MaxEnt model (Phillips et al. 2006, Renner and Warton 2013 ) and pseudoabsence logistic regression (Warton and Shepherd 2010) . Defining the model as a PPM clarifies the modeled process and facilitates use of an expansive set of tools for addressing the many challenges inherent in species distribution modelling with opportunistic records. In our case, the PPM framework informed us of an appropriate spatial resolution for the quadrature points, provided a convenient way for accounting for sampling bias, and allowed us to identify spatial dependence and fit a particular class of PPMs that explicitly accounts for this dependence. An extensive demonstration of PPM fitting and of their advantages over closely related methods such as MaxEnt is provided elsewhere (Renner et al. 2015 , Velázquez et al. 2016 .
For each of our two study scales, we built a multispecies PPM to relate species' occurrence intensity (hereafter 'intensity') to a linear combination of the four land-use variables (listed in Table 1 ) plus altitude and interactions between these variables and species identities to estimate species-specific responses. We scaled all variables to null mean and unit standard deviation prior to modeling to permit the comparison of slopes across variables (Schielzeth 2010) . Hence, all specieslevel effects of explanatory variables can be interpreted in a similar way as effect sizes.
We further included consultant, location and accessibility effects in the PPMs to account for spatial patterns of sampling heterogeneity (Renner et al. 2015) . We assumed that consultant and location effects were species-independent, but allowed the accessibility effect to vary among species through an interaction term because some reptile species are mostly detected as dead individuals on roads or tracks.
Although we first fitted inhomogeneous Poisson PPMs to the data, we identified residual spatial aggregation which could lead to biased parameter estimates and underestimated standard errors (Dormann et al. 2007 ). Consequently, we modelled the number of records of a given species and their locations as a species-varying Geyer process (Geyer 1999) . In a Poisson PPM, the intensity measures the limiting expected number of records per unit area for a given species at a given location. In the Geyer process model, this intensity is conditional on the locations of surrounding records. The inhomogeneous Poisson point process and Geyer point process are both examples of a broad class of Gibbs point processes (Cressie 1993) , which accommodate spatial dependence through interactions among point locations. The inclusion of this spatial interaction allows the spatial distribution of records to have either lower or higher variance than expected from a Poisson process, analogous to an overdispersion effect. The nature of these point interactions is determined by a saturation parameter controlling strength and a radius parameter defining the maximum distance of interactions, both maximised by pseudo-likelihood.
Effects of ecological traits
We summarized the nine ecological traits in a species x species Gower's dissimilarity matrix synthesized in a principal coordinates analysis (PCoA, Legendre and Legendre 2012) , in which we weighted categorical traits proportionally to their numbers of modalities and accounted for the dependence among percentages of diet use and daily activity (Pavoine et al. 2009 ). We measured the contribution of traits to the PCoA axes with Spearman correlation coefficients for quantitative traits, and with an ANOVA and Tukey HSD tests for categorical traits. We quantified phylogenetic signals on ecological traits by measuring Blomberg's K (Blomberg et al. 2003) on each PCoA axis. Blomberg's K measures the strength of a phylogenetic signal on the traits, K > 1 indicating that the traits are more clustered in the phylogeny than expected under the Brownian motion model (Blomberg et al. 2003) . We also measured Blomberg's K on the species-level response to land use variables estimated by PPMs.
We estimated the influence of traits on species' responses to land use variables with linear regressions and phylogenetic linear models (PLM, Ho and Ané 2013), fitted separately at the regional and local scales. These models used species-level PPM coefficients as the response variable and species scores on the selected PcoA axes as predictors. We computed nonparametric standard errors for regression slopes with 1000 permutations in order to limit the effects of extreme values and small sample size (n = 14, regional scale; n = 10 local scale).
Given the size of our species sample, this phylogenetic analysis should however be interpreted as a guide to assess the sensitivity of our results to non-independence among species related to niche conservatism.
We acquired all environmental variables in raster format under the Lambert 93 projection with QGIS 2.14 (Quantum GIS Development Team 2013) , and conducted all statistical analyses under R 3.3.2 (R Core Team) with packages spatstat (Baddeley et al. 2015) , ade4 (Dray and Dufour 2007) , phylolm (Ho and Ané 2013) , picante (Kembel et al. 2010 ) and ape (Paradis et al. 2004 ).
Data deposition
Data available from the Dryad Digital Repository: < https:// doi.org/10.5061/dryad.h38p3b6 > (De Solan et al. 2018) .
Results
Quality of PPMs
The regional and local models explained respectively 24 and 25% of the total variance in the number and locations of records. The Geyer spatial interaction matrix captured a significant amount of residual variability, suggesting that records were aggregated at both scales (positive value at both scale, regional: estimates = 0.04 ± 0.0006 SE, F 1,1108748 = 10534.5, p < 0.0001; local: estimates = 0.03 ± 0.001 SE, F 1,731800 = 695.39, p < 0.0001, smoothed maps of residuals in Supplementary material Appendix 8).
Sampling effects
All sampling variables contributed significantly to explain spatial variations in species intensities at both regional and local scales (effect sizes in Supplementary material Appendix 9 and 10). Species' intensity increased in areas surveyed by consulting offices (Table 2 , 'consultant effect'), when the area was surveyed repeatedly (Table 2 , 'location effect') and in areas served by a large network of roads and railways, with some variation among species (Table 2, 'accessibility effect'; interaction species × linear elements). This latter result supports the interpretation that increased sampling effort around roads overwhelms their possible impact on reptiles as barriers to dispersal or habitat fragmentation. Spatial variations in predicted species' intensity when all sampling effects were held constant was coherent with experts' knowledge of species' regional distributions, suggesting that sampling effort was properly corrected (Supplementary material Appendix 8). The fitted species intensities can thus be interpreted as proportional to spatial patterns of the species' actual occurrence densities.
Species responses to land use and altitude
All variables had a significant effect on species intensities ( Table 2 ). The most noticeable result was a decrease in species intensities towards high urbanization cover and high altitude at both scales (Fig. 2) . Specifically, urbanization decreased the intensity of seven out of 14 species at the regional scale, all of which were snakes except Rhinechis scalaris (Fig. 2a and Supplementary material Appendix 9). Enforcing the role of urbanization as a regional filter of reptile distributions, two of these seven species (Natrix natrix and Zamenis longissimus) were even absent from the local window, the most urbanized area in the region (Supplementary material Appendix 2). At the local scale, five out of 10 species decreased towards urban areas, with steeper slopes than at the regional scale (Fig. 2b , Supplementary material Appendix 10). Tarentola mauritanica, the only exogenous species of our dataset, was the only species to increase towards urban areas at the regional scale, but did not respond to urbanization at the local scale. Counteracting these negative effects, increased proportion of open habitats had low but typically positive effects on distributions at the regional scale (Fig. 2a , Supplementary material Appendix 9) and strongly increased species intensities at the local scale, except for the two human commensals Tarentola mauritanica and Podarcis muralis (Fig. 2b , Table 2 . Analysis of variance of the spatial point process models and phylogenetic structure of species-varying parameters as assessed by Blomberg's K. F and the associated p-value correspond to the analysis of variance, Blomberg's K (p) gives the strength of the phylogenetic signal associated with a permutation-based p-value.
Variable
Regional scale (n = 18164 records, 14 species)
Local scale (n = 3168 records, 10 species) Supplementary material Appendix 10). Species' responses to agriculture varied among species at both scales (Fig. 2a,  b , Supplementary material Appendix 9-10). Of the 14 and 10 species comprised in our regional and local species pools, three decreased towards agricultural areas at regional and local scales (Fig. 2 , Supplementary material Appendix 9-10). Finally, forest cover had no significant effect on species' regional distributions (Fig. 2a , Supplementary material Appendix 9), but it increased significantly the intensity of three lizards (Lacerta bilineata, Podarcis muralis and Psammodromus algirus) and one snake Malpolon monspessulanus at the local scale (Fig. 2b , Supplementary material Appendix 10).
Trait ordination
The first four PCoA axes accounted for respectively 45, 16, 14 and 10% of the total variance (8% for the fifth axis, not retained). The first axis separated large-sized, late-maturing crawling species from small insectivores (snakes and lizards; correlations of traits with axes in Supplementary material Appendix 4). The second axis separated legless oviparous lizards (Chalcides striatus and Anguis fragilis) from all other species. Axis 3 isolated the introduced Tarentola mauritanica from other species based on its climber behavior, long activity period and nocturnal habits. Axis 4 separated aquatic and terrestrial species. The two first PCoA axes were clustered in the phylogeny (Blomberg's K = 2.98 and 1.99 for axes 1 and 2 respectively, p < 0.01) while the third axis exhibited a signal of convergent evolution (K = 0.80, p < 0.01) and the fourth axis had no significant signal (K = 0.42, p > 0.05).
Functional signal on species' responses to land use and altitude
Predicted reptile responses to land use were less structured in the phylogeny than expected under a Brownian motion model (Table 2 ). Contrary to our expectations, ecological traits did not clearly structure these responses either ( Fig. 3  and 4) . At the local scale only, negative scores along the third PCoA axis were associated with urbanization, while positive scores were related to open habitats and forests (Fig. 4e , p < 0.05 for all variables). These effects were mainly driven by the exogenous Tarentola mauritanica, which is mostly present in urban areas. The intensity of snakes increased near water ( Fig. 3c and 4c, PCoA axes 1 and 4, p < 0.05), mainly because of two partly aquatic species, Natrix maura and Natrix natrix (Supplementary material Appendix 9 and 10). Phylogenetic linear models yielded similar results, confirming the small effect of niche conservatism on the response of reptiles to land use.
Discussion
Mediterranean reptiles exhibit negative distributional responses to increasing human pressure at regional and local scales. We further showed that land abandonment, here reflected by forest, and the presence of open habitats such as grasslands and pastures, have little effect at the regional scale, but favour species persistence in the most anthropogenized landscapes. Contrary to our initial expectations, no clear signal of trait filtering emerged in relation with these responses, although snakes tended to be more negatively affected by urbanization. Our results reveal scale-dependent effects of land use on reptile distributions mediated by complex processes that cannot be unambiguously attributed to adaptive functional strategies. On methodological grounds, our study demonstrates that PPMs facilitate the modeling of species that are hard to detect Figure 2 . Distribution of reptile responses to land use gradients in the studied area, as assessed from regression coefficients estimated by a spatial point process model at the regional (a) and local (b) scales. Modelled responses to agriculture and urbanization are shown for all species and for lizards (in dark grey) and snakes (in white grey) separately. All variables were scaled to null mean and unit standard deviation prior to modeling. Boxes denote the interquartile range and the median of reptile' responses values; whiskers expand to the maximum and minimum values.
with protocoled studies, taking advantage of the massive amount of geolocated opportunistic records that has emerged in recent years (Dickinson et al. 2012) . One major difficulty in the use of this kind of data lies in designing models that separate patterns related to ecological processes from those related to sampling effort, which we achieved through the identification of a set of covariates that reflects the distribution of observers in our study area. Results are convincing with respect to the efficiency of this method, as species' distributions predicted by PPMs do not echo any geographical pattern in sampling effort and are consistent with biological expectations, such as their reluctance to enter in urban or forested areas. Nevertheless, we do not own independent protocoled survey data which would allow estimating detection probabilities as in Dorazio (2014) , preventing any formal test of causal relationships between reptiles and land use, a limitation shared by all correlative distribution models.
We further admit that our models certainly overlooked some presence areas for the least detected species because PPMs, as most other statistical models, remain limited when sample size becomes too small. In this respect, our decision to remove rare species had probably less undesirable consequences on our results than inappropriate estimations due to biased sampling. However, the particular modifications we incorporated such as applying a correction for sampling bias through surrogate covariates ) and accounting for spatial dependence through a Geyer process (Renner and Warton 2013) improve predictive performance over more standard practices to distribution modelling with opportunistic data.
Our results show that urbanization and, to some extent, agriculture, decrease reptile presence at both study scales. This result mirrors studies on birds (Devictor et al. 2008) , insects (Fattorini 2011) and amphibians (Scheffers and Paszkowski 2012) . One biologically plausible explanation is that farming and dense urbanization decrease habitat heterogeneity and resource availability through the use of pesticides and mechanization (Benton et al. 2003 , Bright et al. 2008 , Hamer and Mcdonnell 2010 , but direct mortality through predation by domestic animals (Loyd et al. 2013 ) and road killing could also contribute to these patterns (Shepard et al. 2008) , especially at the local scale. Interestingly, only four species were, as expected, favoured by land abandonment at a local scale, and none responded at the regional scale. Postabandonment successional dynamics in our study region have led to homogeneous dense forest cover (Sluiter and de Jong 2007) , a habitat unsuitable to all reptiles from our regional species pool except Zamenis longissimus and Anguis fragilis. Hence, our results reflect species' aversion to forest cover rather than a negative effect of land abandonment per se as found in other studies (Laiolo et al. 2004, Moreira and Russo 2007) .
Ecological patterns vary across scales as a consequence of different processes affecting regional and local assemblages (Melles et al. 2003 , Brind'Amour et al. 2005 , Hopkins and Burr 2009 . Although the choice of a coarser spatial grain may have attenuated the effects of land use on reptiles at the regional scale, the relative imprints of the gradients considered were largely consistent at both scales. This result implies that, although land use has lower effects relative to topoclimatic variations at broad spatial scales (consistent with Pearson and Dawson 2003) , it remains a significant factor shaping species distributions over broad spatial extents (Di Marco and Santini 2015, Kehoe et al. 2016) . It also suggests that the processes by which land use affect reptile distributions are less direct at the regional scale than at the local scale, as found in multiscale studies of bird-habitat relationships (Cushman and McGarigal 2004) . This result is expected if reptiles, like birds, respond to land use hierarchically by selecting first landscape features such as patch configuration and secondarily local habitat characteristics (Cushman and McGarigal 2004) . Reptiles' low dispersal abilities suggest alternatively that their way of selecting habitat is purely local: if so, the negative effect of urbanization on most species at the regional scale probably reflects reduced flow of individuals and low population persistence, while local effects of land use could be more directly related to habitat suitability and prey availability within habitat patches. These hypotheses would need to be tested with mechanistic metapopulation models, and calibrated with PPMs like ours within hierarchical frameworks (Wikle 2003) .
The strong positive effects of open habitats and abandoned land were restricted to the local scale. These habitats are rare within our heavily urbanized local window, concentrating reptiles in residual patches of suitable habitat at the margin of the main urban center. In addition, reptiles are less likely to be found outside their main habitats when the landscape matrix is impermeable to dispersal or temporary colonization, as is the case in anthropogenic centers. This pattern is in line with other studies that reported positive effects of remnant habitat patches on species' persistence within hostile matrices (Fahrig et al. 2011) , although these patches might also become ecological traps for some species in the absence of dispersal corridors (Ewers and Didham 2006) . However, under this latter hypothesis, it is unlikely reptiles would sustain viable populations over a seven-year period at sufficient densities to be detected by our opportunistic records. Another noticeable result of our local scale analysis is that open habitats had substantially stronger positive effects on reptiles than forest. This pattern supports the idea that maintaining small patches of suitable exploited habitats within anthropogenized matrices has a more positive effect on species persistence than land abandonment (Wretenberg et al. 2010 , Loos et al. 2014 .
Contrary to our expectations, ecological traits and phylogeny do not imprint a strong structure on species' responses to land use. Snakes tended to correlate more negatively than lizards with urbanization at the regional scale, consistent with previous observations that carnivore, fossorial and ground-dwelling reptiles are negatively affected by the human footprint (Trimble and van Aarde 2014, Todd et al. 2017) . However, we did not find a clear signal of traits on species' responses to land use. The regional species pool has not changed substantially in the last 2 million yr (Blain and Villa 2006, Bailon and Rage 2012) , ruling out the possibility that functionally distinct species could have been removed by past biotic homogenization processes. Thus, the lack of a functional signal in species' responses to land use can more likely be explained by the absence or recent removal of strong environmental constraints on trait distributions; historical records on land use and climate would however be needed for a formal test of this hypothesis. Alternatively, the size of species pools (14/10 species) may be insufficient to detect shallow functional and phylogenetic signals, a limitation inherent to the overall paucity of the regional species assemblage. In spite of these limitations, our results are congruent with previous studies (Jung and Threlfall 2016, Todd et al. 2017 ) and confirm that ecological traits and phylogenetic conservatism do not provide a causal explanation to reptiles' sensitivity to land use.
Conclusion
We wish to highlight three main conclusions from our study. First, reptile distributions clearly suffer from anthropogenic land use but do not benefit from land abandonment over regional scales. However, maintaining patches of non-used or abandoned habitat in an anthropogenic matrix promotes local species occurrence, suggesting that habitat heterogeneity is key to species' persistence in the face of increasing urbanization. Second, functional strategies or evolutionary history do not account for reptiles' distributional responses to land use, inconsistent with a biotic homogenization scenario (Devictor et al. 2008, Cadotte and Tucker 2017) . Overall, our study reveals that opportunistic records combined with cross-scale comparative analyses can provide in-depth insights into the determinants of species distributions for data deficient taxa.
